Prostate cancer is characterized by a complex set of heterogeneous disease states. This review aims to describe how imaging has been studied within each specific state. As physicians transition into an era of precision medicine, multiparametric magnetic resonance imaging (mpMRI) is proving to be a powerful tool leading the way for a paradigm shift in the diagnosis and management of localized prostate cancer. With further research and development, molecular imaging modalities will likely change the way we approach recurrent and metastatic disease. Given the range of possible oncological progression patterns, a thorough understanding of the underlying carcinogenesis, as it relates to imaging, is a requisite if we are to appropriately manage prostate cancer in future decades.
T he vast majority of prostate cancer diagnoses are linked to excellent survival outcomes. However, in men who have undergone definitive therapy, the risk of biochemical recurrence approaches 33% -35% within 10 years (Roehl et al. 2004; Bolton et al. 2014) . By some estimates, recurrence following definitive therapy is associated with an 8% rate of progression to metastases and a 4% rate of prostate cancer-specific mortality within 8 years (Zelefsky et al. 2010) . Approximately 4% of patients will present with metastatic disease at time of prostate cancer diagnosis and, when combined with men who progress from localized to metastatic castrationresistant disease, metastatic prostate cancer accounts for an estimated 26,000 to 30,000 deaths annually (SEER data at seer.cancer.gov/archive/ csr/1975_2013). The general disease states of prostate cancer can be modeled to include localized (T1-2, N0, M0), locally advanced (T3), or metastatic (N1/M1) prostate cancer (Scher and Heller 2000) . This particular model of disease progression serves as a useful way to understand the role of imaging amid the complex and heterogeneous scope of prostate cancer management. For example, when a diagnosis of prostate cancer is suspected, an initial evaluation would be optimized with an imaging modality that correctly visualizes, localizes, and characterizes the primary tumor as indolent or lethal. Following confirmed diagnosis, imaging would ideally prognosticate and identify the extent of disease progression (localized vs. locally advanced), which would guide therapeutic options that are patient-specific and risk-adjusted. Highly accurate imaging modalities that correctly stage and then restage patients following therapy would minimize use of empiric and/or nondirected therapies that expose patients to unnecessary risk with little benefit. Finally, given that metastatic disease accounts for all disease-specific mortality, novel imaging modalities would maximize our understanding of tumor biology in the metastatic state, identify treatment options that extend beyond palliative benefits, and help prognosticate time to castrate resistance and/or survival (see Fig. 1 ).
This review outlines how prostate cancer imaging has already started to fill the very important roles within each disease state. Furthermore, it illustrates the pitfalls and limitations that still exist. Needless to say, the use of imaging within prostate cancer management is a rapidly growing field that will undoubtedly supplement and alter our current practice patterns on a global basis.
ULTRASOUND IMAGING
The standard of care for detection of primary prostate cancer has long been based on techniques that rely on grayscale transrectal ultrasound (TRUS) (Carter et al. 2013 ). Its use became common in the early 1990s as physicians transitioned from digitally guided biopsies to ultrasound (US)-guided techniques (Hodge et al. 1989) . Although initial image-guided biopsies followed a standard sextant template, a 12-core approach was adopted when studies found a significant improvement in prostate cancer detection (Taira et al. 2010) . For a short period, saturation biopsy techniques were thought to increase detection of significant prostate cancer (Stewart et al. 2001 Cancer-specific survival Figure 1 . The current and potential roles of imaging in prostate cancer. Prostate cancer is a heterogeneous disease with multiple phases and states. As we enter into an era of precision medicine, prostate cancer imaging will be tailored to address the specific characteristics that define each disease state and, more importantly, each patient. Novel modalities in combination with those that are well founded will be applied along this continuum to achieve optimal accuracy. OCD, Organ-confined disease; PSA, prostate-specific antigen; AS, active surveillance;uration technique in large part because of evidence showing that it introduces the unwarranted risk of urinary retention and hematuria requiring treatment (Eichler et al. 2006; Jones et al. 2006; Ashley et al. 2008) .
Although early results were promising, the limitations of TRUS-guided biopsies were soon recognized. Using TRUS-guided biopsies alone, an estimated 21% -47% of tumors go unrecognized on initial biopsy (Singh et al. 2004; Taira et al. 2010) . Men who continue to have an elevated risk of prostate cancer but have no detectable cancer on biopsy are often exposed to multiple repeat procedures (Welch et al. 2007 ). In parallel with this clinical dilemma, widespread adoption of the "systematic" 12-core techniques led to a sharp increase in incidental detection of indolent tumors (Cooperberg et al. 2007 ). Some investigators argue that TRUS-guided biopsy is a blind approach that detects clinically insignificant tumors at a rate as high as 40% (Zaytoun et al. 2011; Marks et al. 2013 ). Multiple schemes have attempted to improve accuracy by sampling the lateral peripheral zone and anterior apex, but TRUS-guided prostate biopsies remain nonspecific to both the tumor and the patient (Eskew et al. 1997; Chon et al. 2002; Presti et al. 2003) .
Supplementary US-based techniques and technologies have been developed and studied to augment TRUS-guided biopsies. A summary of US techniques is presented in Table 1 . In general, US technologies are understudied and/or limited by poor reproducibility, variable tumordependent resolution, and poor whole-gland visualization (Grabski et al. 2011; Schiffmann et al. 2015) . These drawbacks and challenges have paved the way for use of multiparametric magnetic resonance imaging (mpMRI) in the diagnosis and management of prostate cancer.
MULTIPARAMETRIC MAGNETIC RESONANCE IMAGING
When applied to imaging of the prostate gland, mpMRI combines functional, anatomical, and biological information to optimize differentiation of benign from malignant features. The foundation of mpMRI rests on morphological T2-weighted imaging (T2WI), which is supplemented with functional imaging techniques known as diffusion weighted imaging (DWI) and dynamic contrast enhancement (DCE) (Felker et al. 2016) . Magnetic resonance spectroscopy (MRSI) was introduced as an additional technique to detect prostate cancer and takes advantage of the relative concentrations of cellular metabolites (Seitz et al. 2009 ).
T2-Weighted Imaging
T2WI provides the highest resolution to evaluate key morphological changes that occur in prostate cancer. In a normal gland, the peripheral zone is composed of abundant ductal and acinar elements, which contain increased water content relative to other anatomical regions of the prostate. The peripheral zone, therefore, has high and homogenous signal intensity. By comparison, the transition zone bears fewer glandular components, less water content, and is therefore slightly darker with varying signal intensity (Bhavsar and Verma 2014) . Prostate cancer within the peripheral zone develops as a lowsignal intensity focus distinct from surrounding high-intensity tissue. Prostatitis, atrophy, and/ or hemorrhage appear as similar low-signal intensity foci. Prostate cancer in the transition zone is more difficult to detect and presents as an ill-defined, homogeneous, moderately hypointense (i.e., darker) focus. Benign prostatic hyperplasia (BPH) nodules are similar in appearance and an "erased charcoal" or "smudgy fingerprint" have been described to distinguish clinically significant cancer from benign tissue (Bhavsar and Verma 2014; Weinreb et al. 2016) . Finally, T2WI is an important component of clinical staging as it illuminates the prostate capsule, neurovascular bundles, seminal vesicles, and anterior stromal components (Felker et al. 2016 ).
Diffusion-Weighted Imaging
DWI is a functional imaging technique that measures the random motion of water molecules within the intravascular, intracellular, and extracellular compartments. Differences in . Studies have shown that DCE-MRI improves tumor detection when compared with T2WI alone .
Magnetic Resonance Spectroscopic Imaging
Healthy, well-organized prostate glands synthesize, store, and secrete citrate. By comparison, because of intrinsic cellular alterations, citrate production is dramatically reduced in prostate cancer. Choline plays an important role in metabolism of cellular membranes and choline concentration is markedly increased in densely packed highly cellular prostate cancer. Changes in choline-to-citrate ratio are well studied and MRSI has been used to improve detection, localization, volume estimation, and organ-confinement status at multiple stages of prostate cancer treatment and follow-up (Kurhanewicz and Vigneron 2008) . Of note, the spectroscopic resonant peak of creatine and choline are similar; thus, the sum of these two metabolites are taken and used to calculate a ratio over citrate (Kurhanewicz et al. 2000) . Analyzing MRSI readouts is a highly technical task with a high degree of inter-reader variability, thus its uses in common clinical applications are limited to trained experts (Felker et al. 2016; Sarkar and Das 2016) .
Endorectal Coil and 3.0T MRI
Obtaining high-quality mpMRI images is of utmost importance when evaluating the role of MRI in staging and characterization of prostate cancer. The prostate's pelvic location and small size adds a high degree of noise during image acquisition. The use of an endorectal coil has been shown to improve the signal-to-noise ratio by almost 10-fold (Margolis 2014) . In settings in which only 1.5T MRI is available, use of an endorectal coil is currently recommended . However, the use of an endorectal coil with 3.0T MRI remains controversial, as the gradient performance of 3.0T MRI alone gains little benefit from use of a concurrent coil (Ghai and Haider 2015) . In general, the main benefit of an endorectal coil is thought to be related to increased resolution of the prostate capsule as well as improved ability to obtain high-quality DWI and MRSI sequences (Beyersdorff et al. 2005) . If further research supports the finding that use of an endorectal coil can significantly improve image resolution in the pelvis, then endorectal coils would effectively improve staging accuracy, which would have direct implications for surgical planning as well as radiation therapy guidance. At this point, current guidelines recommend use of 3.0T magnet MRI, which appears to be equivalent to use of a 1.5T MRI with an endorectal coil (Park et al. 2007; Mohler et al. 2016 ).
THE USE OF MRI IN THE DIAGNOSIS OF PROSTATE CANCER
Prostate cancer is a complex disease characterized by pathological features and clinical outcomes that bear a high degree of variability (Fischer et al. 2015; Gordetsky and Epstein 2016 (Barentsz et al. 2012) . A second version of PI-RADS (v2) was released in 2014 and emphasizes the use of certain sequences when assessing specific zones of the prostate (Weinreb et al. 2016) .
The level or grade of cancer suspicion was refined to a 5-point scale stratified by three pulse sequences (T2WI, DWI, and DCE). Studies have shown good-to-moderate inter-reader agreement with the PI-RADS v2 system and concluded that it is appropriate for use as a standardized scoring system in prostate cancer detection (Schimmoller et al. 2013) . A second validated prostate MRI scoring system designed for use by researchers at the University of California, Los Angeles (UCLA) uses a 5-point scoring system based on T2WI characteristics, quantitative ADC, and DCE curve analysis (see Table 2 ). It is unique in that it designates the specific use of DWI and T2WI for assessment of the prostates peripheral and transitional zones, respectively. It is also distinct in that it uses "quantitative" measures of ADC and DCE sequences, whereas PI-RADS v2 uses only qualitative measures (Sonn et al. 2013; Le et al. 2014; Weinreb et al. 2016) .
A third MRI-scoring system has been developed by the National Institutes of Health (NIH) and uses a 3-point scale (low, moderate, and high) to assign prostate cancer suspicion (RaisBahrami et al. 2013 ). Similar to PI-RADS v2, it involves qualitative assessment of DWI and DCE pulse sequences but does not assign a dominant sequence for evaluation of prostate zones .
The PI-RADS v2 system is widely accepted as the global standard for reporting mpMRI findings when imaging the prostate gland. Although the aforementioned guidelines have been proposed, they are often institution-specific and have been used to supplement ongoing research studies.
MRI-GUIDED LOCALIZATION AND PROSTATE BIOPSY TECHNIQUES
With refinements to the aforementioned standard reporting protocols and improved understanding of concordance between mpMRI and pathological outcomes, deployment of mpMRI in the identification and diagnosis of clinically significant malignancies is becoming integral to prostate cancer management. Multiparametric MRI-driven biopsy techniques, paired with high-quality standardized reporting platforms, have emerged as burgeoning approaches that improve safety, efficiency, and increased identification and detection of clinically significant tumors (Moore et al. 2013 ). More specifically, MRI-fusion techniques use the familiar B-mode, TRUS, to acquire live images of the prostate, which are then "fused" in real time with previously performed and reported pelvic mpMRI scans. Fusion techniques can range from expert cognitive fusion to commercially available software-based MRI-US fusion devices. By comparison, in-bore MRI-guided prostate biopsies are performed directly in the bore of an MRI scanner. The following sections describe these techniques and their applications in more detail.
MRI-Cognitive Fusion Prostate Biopsy
The first step when performing a cognitive fusion prostate biopsy involves a thorough review of a previously acquired pelvic mpMRI. If a suspicious prostate lesion is detected, then the MRI-derived prostate targets are "stored" in the cognitive domain of the performing physician. ATRUS probe is used to direct the biopsy needle toward the anatomic space occupied by the abnormal lesion. The technique is highly dependent on the skill and experience of the performing physician; therefore, it has been an area of intense research and review (Moore et al. 2013) .
Investigators in France studied a large group of 555 men who underwent mpMRI before their first-ever prostate biopsy. All men underwent standard 10 -12 TRUS-guided systematic biopsies, whereby 63% of men had suspicious lesions detected on mpMRI and had two additional cognitive-targeted biopsies aimed at all suspicious areas. The investigators conclude that the detection accuracy of significant prostate cancer with cognitively targeted biopsies was significantly better than extended systematic biopsies ( p , 0.001). Targeted biopsies detected about 16% more high-grade cases than extended biopsies. Importantly, the investigators estimated that 13% of patients with positive MRIs avoided the unnecessary diagnosis of nonsignificant prostate cancers (Haffner et al. 2011) .
The role of cognitive fusion in men with prior negative biopsies has also been studied. Sciarra et al. found that the addition of mpMRI and cognitive fusion improved the cancer detection rate to 88% in men who had two prior negative systematic TRUS-guided biopsies (Sciarra et al. 2010) . Labanaris et al. (2010) performed extended 18-core TRUS biopsies in men with a prior negative biopsy. Those with suspicious lesions on MRI had additional cognitive targeting, whereby the cancer detection rate was 56% and 18% for targeted and systematic cores, respectively. The presence of a suspicious MRI improved cancer detection to 74% versus 19% in those with no suspicious lesions on MRI. They concluded that the sensitivity of their technique approached 81% (Labanaris et al. 2010) . Wysock et al. (2014) prospectively compared outcomes between visual targeting and MRI-US fusion-targeted biopsies in the same patient. In this study, 125 consecutive men underwent targeted biopsy of suspicious regions that were seen on mpMRI. A single operator performed MRI-US fusion targeted biopsy at the mpMRI-designated regions of suspicion. A second blinded operator then performed a systematic biopsy in addition to visually targeted cognitive fusion biopsy in the same patient. In total, 172 targets were identified. When the two techniques were compared, there was no significant difference between detected cancers but there was improved detection of Gleason sum !7 cancers in the MRI-US fusion targets. Not surprisingly, the benefits of MRI-US fusion biopsy were shown with better detection of smaller lesions. Furthermore, MRI-US fusion appeared to improve detection of nonmalignant lesions, which may be an indication that the identified region of suspicion was hit and was in fact a true negative. The main weakness of the study, however, was its small sample size. Larger studies asking similar questions are needed before either technique is proven optimal (Wysock et al. 2014) . In a similar study by Cool et al. (2014) , which also compared MRI-US fusion to cognitive fusion biopsies, the investigators concluded that cognitive fusion was inferior to MRI-US fusion when applied to all operators at all levels of experience. In their study, the largest differences in cancer detection appeared to be related to targeting of tumors in the apex, mid-gland, and anterior regions, whereby ,50% of clinically significant cancers were detected with the cognitive fusion technique (Cool et al. 2014) . Most investigators have supported the notion that cognitive targeting is a promising approach with improved detection of clinically significant cancer and concurrent reduction in detection of insignificant ones (Comet-Batlle et al. 2003; Park et al. 2011) . Unfortunately, the variability of data collection protocols, patient selection, systematic templates, MRI protocols, operator performance, and radiological experience makes comparison difficult. Further validation is needed before widespread application among community physicians.
In-Bore MRI-Guided Prostate Biopsy
Techniques have been established that allow for direct in-bore MRI-guided prostate biopsy. Inbore MRI biopsies are preceded by acquisition of a separate pelvic mpMRI, which attempts to identify suspicious lesions that will be directly targeted under rescanning at time of biopsy. In leading studies, cancer detection rates using inbore technology in patients with prior negative prostate biopsies were between 38% and 59%. From similar studies, the percentage detection of clinically significant cancers ranged from 81% to 93% (Engelhard et al. 2006; Hambrock et al. 2010; Roethke et al. 2012) .
One major difference with this technique is that patients undergoing in-bore MRI biopsies require sedation or general anesthesia. Furthermore, tissue procurement takes significantly longer than other MRI-US fusion methods, which limits the ability to collect additional systematic template biopsies (Engelhard et al. 2006; Hambrock et al. 2010; Roethke et al. 2012 ).
Software-Based MRI-Fusion Biopsy Devices
Numerous platforms currently exist within the realm of MRI-US fusion biopsy devices. These devices have been designed for use under local anesthesia in the outpatient setting. Commercially available devices store previously acquired MRI images and superimpose (coregister) realtime TRUS images, which enables the targeted biopsy of suspicious lesions. Each platform and software system differs by tracking mechanism (electromagnetic vs. electromechanical), US image acquisition (3D volumetric vs. 2D sweep), and biopsy route (transrectal vs. transperineal). A thorough description of the technology behind each platform has been reviewed (Natarajan et al. 2011a; Marks et al. 2013; Le et al. 2014; Sarkar and Das 2016) . Marks et al. (2013) summarized the current MRI-US fusion devices approved by the U.S. Food and Drug Administration (FDA) in a recent review article.
THE IMPACT OF MRI ON LOCALIZED PROSTATE CANCER MANAGEMENT MRI-US Fusion Biopsy
As described in the prior sections, prostate biopsies guided by MRI-US fusion techniques have been shown to improve detection of prostate cancer in both biopsy-naïve men and men with prior negative biopsies (Abd-Alazeez et al. 2014; Sonn et al. 2014 ). However, a precise understanding of all variables that effect and influence image-guided techniques are not yet established. Ongoing studies have continued to elucidate the factors that affect outcomes related to accuracy, predictive values, sensitivity, and specificity.
To directly assess predictors of prostate cancer detection by mpMRI, Le et al. (2015) performed a retrospective analysis of 122 consecutive men who underwent mpMRI before radical prostatectomy. After determining the concordance between radiological and whole-mount pathology, a multivariate logistic regression model predicting the odds of tumor detection found that index (dominant) tumor status, prostate weight, and size were significant predictors of detection. Overall sensitivity for tumor detection was increased for Gleason score !7 (72%), larger .1 cm (72%), and index tumors (80%). The detection of nonindex lesions in multifocal prostate cancer was poor, which is an important finding in light of potential focal prostate cancer therapies (Le et al. 2015) . This study was key to illustrating that prostate cancer detection is influenced by specific measureable variables. However, it also showed that 28% of prostate tumors with Gleason score !7 go undetected, thus indicating that other variables or techniques still need further investigation.
Given that a certain percentage of tumors still go undetected on mpMRI, Filson et al. (2016) were interested in determining precise performance parameters that effect detection of clinically significant cancer when using MRI-US fusion biopsy. In a prospective study, a total of 1042 men underwent mpMRI and MRI-US fusion biopsy. Biopsies included both systematic and targeted biopsies. Their main findings were that if higher grades were assigned to the regions of interest that underwent targeted biopsy, there was increased risk of finding clinically significant tumors. In addition, a higher overall prostate-specific antigen (PSA) density appeared to predict the finding of significant tumors. With regard to the technique, they found that combining targeted and systematic biopsies resulted in an increased detection of significant cancer. Finally, 16% of men had clinically significant cancer with no suspicious finding on the mpMRI (Filson et al. 2016) .
With increased use of MRI-US fusion biopsies in the detection of clinically significant prostate tumors, several factors still require investigation. Given that the technique is extremely user-dependent and requires great experience by radiologists and urologists, further validation of the MRI grading systems are needed. This step must happen in unison with increased access to imaging centers and reimbursement options for ideal imaging modalities. Establishing a standardized technique is still needed to allow for cost-favorable, widespread, and efficient adoption at other community and academic centers. Finally, a better understanding of other variables, such as those that lead to positive biopsies in the setting of a negative mpMRI, are needed to help make this a powerful and accurate clinical tool (Bockholt and Marks 2015) .
The Role of MRI in AS
As studies continue to support the notion that MRI increases the detection of clinically significant tumors, mpMRI has been evaluated for its potential role in improving selection and monitoring of patients on AS. Multiple research groups have attempted to construct predictive tools that link mpMRI with final pathology findings. Vargas et al. (2012) studied 388 consecutive men who were initially diagnosed with low-risk prostate cancer. These men underwent mpMRI before an institution-specific confirmatory biopsy. Three independent radiologists used a 5-point scale to score the likelihood of a tumor presence based on mpMRI findings. A score of 2 had high specificity and negative predictive value (NPV) for upgrading on confirmatory biopsy. A multivariate model showed that patients with a score of 5 were significantly more likely to have upgraded pathology on confirmatory biopsy (Vargas et al. 2012) . In a similar study, Stamatakis et al. (2013) retrospectively studied men who underwent MRI-US fusion prostate biopsy. In 85 men who met the criteria for AS, the initial mpMRI findings were assessed with regard to prostate volume, lesion density, lesion volume, lesion diameter, and total lesion number. Logistic analysis found significant association between AS reclassification and lesion density, highest MRI lesion suspicion, and number of lesions, whereby 29% of patient were reclassified as not meeting criteria for AS ). By comparison, some studies found that the simple existence of mpMRI visible cancer is significantly associated with unfavorable disease and even disease progression (Fradet et al. 2010; Park et al. 2014) .
In a retrospective study of 115 men by Chamie et al. (2014), predictive values, sensitivity, and specificity of the Epstein criteria (PSA 10 ng/mL, Gleason score 6, ,3 positive biopsy cores, whereby none have .50% involvement by cancer) (Epstein et al. 1994) with or without mpMRI, were studied to predict men's suitability for AS based on postprostatectomy whole-mount pathology. Men included in the study underwent mpMRI and robotically assisted laparoscopic prostatectomy (RALP), whereby 11 men were excluded for poor quality mpMRI. Pathologic outcomes were determined for all men; 46 men were classified low-risk and 58 men were classified highrisk. In patients who were pathologically staged with Gleason 7 or pT3 prostate cancer, 12 patients with significant disease were incorrectly assigned to insignificant disease categories based on Epstein criteria alone (NPV of 68% and sensitivity of 79%). When DWI, through ADC ,850 mm 2 /sec, was added to Epstein's criteria, the sensitivity and NPV improved to 93% and 84%, respectively. Thus, Epstein's criteria incorrectly assigned low-risk disease 32% of the time in comparison to a rate of 7% when ADC ,850 mm 2 /sec was added. An additional finding was that MRI improved detection rates of Gleason !7 tumors of any size as well as large Gleason 6 tumors. The addition of MRI to known clinical staging criteria may more accurately identify significant cancer and thus may reduce failure rates on AS (Chamie et al. 2014 ).
The direct role of mpMRI in identifying potential AS candidates is not yet firmly established, but practice patterns are shifting. The most recent version of management guidelines developed by the National Comprehensive Cancer Network (NCCN) supports the use of mpMRI when anterior and/or aggressive prostate cancers are suspected in the setting of a rising PSA and negative systematic biopsies (Mohler et al. 2016 ). However, despite directed AS studies with reported NPVs of .95%, as well as a sensitivity and accuracy as high as 93% and 92%, respectively, further high-quality validation studies are needed before mpMRI can be confidently incorporated into AS protocols (Villers et al. 2006; Turkbey et al. 2013 ).
Clinical Staging and Guidance for Definitive Treatment Management
Nerve-sparing approaches help decrease the risk of incontinence and impotence following open and laparoscopic radical retropubic prostatectomies (Walsh et al. 1983; Box and Ahlering 2008) . In relation, a positive surgical margin has significant prognostic significance when predicting the chance of biochemical recurrence. These facts weigh heavily on the mind of the surgeon when planning the extent of surgical resection. A more conservative resection increases the chance of a positive margin and future disease recurrence, whereas wider resection increases the risk of comorbid conditions. Given that assessment of clinical stage by digital rectal examination has high interobserver variability and poor accuracy, many groups have proposed the use of imaging to more accurately identify clinical stage and aid in preoperative planning. Somford et al. (2013) evaluated 183 patients who underwent preoperative evaluation with mpMRI and endorectal coil before radical prostatectomy. Low, intermediate, and high-risk groups were established based on the D'Amico criteria (D'Amico et al. 1998) . Using mpMRI, the overall staging accuracy was a 74%. Most importantly however, the positive predictive value of mpMRI was 88.8% in the high-risk group, whereas it was a mere 33.3% in the lowrisk group. In contrast, the NPV was 87.7% in the low-risk cohort, whereas it was only 38.1% in the high-risk cohort. The investigators smartly concluded that use of mpMRI to assess the absence of extraprostatic extension is best reserved for patients with low-risk disease. Furthermore, they suggested that because high-risk patients bear a high positive predictive value for extraprostatic extension, this might aid in reducing the risk of positive surgical margins during non-nerve-sparing techniques (Somford et al. 2013) .
In an attempt to provide information that would influence surgical margin status and neurovascular bundle preservation during RALP, McClure et al. (2012) performed a prospective study of 105 consecutive men who underwent mpMRI with endorectal coil before RALP. In this study, two expert radiologists reviewed a preceding mpMRI before performance of RALP by a single expert surgeon. The surgeon was blinded to the finding on mpMRI and asked to formulate a plan based on other clinical variables. Following documentation of a blinded resection plan, MRI results were reviewed and a reevaluated resection plan based on MRI findings was documented. The primary endpoint was to evaluate the impact of preoperative mpMRI on the extent of surgical resection bilaterally, in light of the presurgery MRI review. The surgical plan was changed based on information from prostate mpMRI in 27% of cases reviewed. Among those who had a change in surgical plan, 59% changed from non-nerve sparing to nerve sparing and 41% changed from nerve sparing to non-nerve sparing. Positive margins were found in seven patients, whereby six patients had an mpMRI that resulted in no change and one patient had a positive margin where mpMRI changed from non-nerve-sparing to a nerve-sparing technique. Overall, they concluded that a review of the prostate mpMRI led to patients undergoing less morbid surgery, which spared nerves, allowed for equal oncologic outcomes, and reduced overall positive surgical margin rate (McClure et al. 2012 ).
MOLECULAR IMAGING IN PROSTATE CANCER
Molecular imaging has been developed as a tool to better characterize and assess the various disease states of prostate cancer, but especially advanced disease. Although the following section reviews the roles of modern molecular imaging in prostate cancer management (see Fig. 2 ), it should be understood that current guidelines still recommend the use of conventional imaging, such as computed tomography (CT), during initial staging evaluation for prostate cancer (Mohler et al. 2016) . With this being said, multiple molecular imaging technologies are currently in use or undergoing continued investigation and can be distributed into three basic categories: (1) bone matrix imaging, (2) markers of cellular metabolism, and (3) markers of prostate cancer-specific membrane proteins. These categories have been established based on knowledge of differential tumor biology and take advantage of aberrant physiological processes that arise as a result of the underlying malignancy (see Table 3 ).
Anatomic Imaging and Bone Scintigraphy
As described in earlier sections, anatomic imaging in prostate cancer is largely accomplished with TRUS and mpMRI. CT scans are currently accepted as the standard technique to assess pelvic lymphadenopathy and extraprostatic disease extension. However, given that the sensitivity for detection of nodal metastases using CT scan 35%, much energy has gone toward developing imaging techniques that more accurately determine the presence of nodal and skeletal metastases.
The most common sites for prostate cancer metastases are the bones; therefore, imaging modalities that identify early metastatic bone deposits, typically osteoblastic and sclerotic, are required to accurately stage men with intermediate to high-risk prostate cancer. The current and most widely accepted modality to evaluate for the presence of distant bone metastases is "bone scintigraphy" (i.e., bone scans). Following injection of technetium-99m-labeled
Imaging in Prostate Cancer
Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a030619 bisphosphonate ( 99m Tc-MDP), a planar gcamera scan is acquired and aims to detect 99m Tc-MDP that has been incorporated into hydroxyapatite crystals and collagen matrix of active bone-remodeling sites (Ulmert et al. 2015) . Unfortunately, bone scintigraphy is limited by poor sensitivities and specificities that are at best 70% and 75%, respectively (EvenSapir et al. 2006; Minamimoto et al. 2015) . A similar modality, known as single-photon emission computed tomography (SPECT), is able to gather a volumetric distribution of the 99m Tc-MDP tracer by rotating g detectors around the patient during image acquisition. When compared with conventional bone scintigraphy, SPECT has been proven to be statistically superior in regard to both sensitivity and specificity (Even-Sapir et al. 2006 Figure 2 . Flow-chart depicting the roles of molecular imaging in the diagnostic management of prostate cancer patients. ADT, Antiandrogen therapy; BRT, brachytherapy; CT, chemotherapy; EBRT, external beam radiotherapy; PSA, prostate-specific antigen; PSMA, prostate-specific membrane antigen; RP, radical prostatectomy; sLND, salvage lymphadenectomy; 18 F, fluorine-18; 11 C, choline-11; 68 Ga, 111 In, indium-111. (From Evangelista et al. 2016; reprinted, with permission, from Elsevier, license 3904291180143.) that incorporate positron emission tomography (PET) are promising methods that will likely displace other technologies. PET represents an imaging technology that has been available for several decades. However, its use has been limited to a few specialized centers because of the cost of high-quality PETscanners in addition to the technical logistics that surround manufacture and delivery of radiopharmaceuticals. Currently, several radiotracers are widely studied and aim to better characterize primary tumor and prostate cancer staging. The four most widely studied radiotracers are 18 F-sodium fluoride ( 18 F-NaF), 18 F-fluoro-Dglucose ( 18 F-FDG), 18 F-or 11 C-labeled acetate, and 18 F-or 11 C-labeled choline. The mechanism of action of 18 F-NaF is similar to that of methylene diphosphonate (MDP) used in standard bone scintigraphy. The 18 FNaF radiotracer colocalizes to skeletal regions with increased blood flow and active bone remodeling, thus its use is optimized in the setting of staging and identification of early osseous metastases. The hybridization of PET imaging, along with the morphological features acquired from CT scans, allows for improved specificity in distinguishing between benign degenerative changes and true functional malignant processes (Even-Sapir et al. 2006; Segall et al. 2010 ). Image quality is enhanced over standard bone scintigraphy as is bone uptake, radiotracer clearance, radiation dose, and time from injection to imaging (Li et al. 2012) . 18 F-NaF is especially useful in prostate cancer because it is most sensitive in the detection of osteoblastic lesions. Multiple studies have shown that the sensitivity of 18 F-NaF PET reliably approaches 100%. Without morphological characteristics of the CT scan, 18 F-NaF PET imaging has a specificity of 62% to 72%; however, with the ad- Tc, technitium-99m; 18 F, fluorine-18; 11 C, choline-11; 68 Ga, gallium-68.
Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a030619 dition of hybridized CT/PET images, specificity can approach 97% to 100% (Even-Sapir et al. 2006; Tateishi et al. 2010; Li et al. 2012) .
As a tool to detect osseous metastases, 18 FNaF PET/CT imaging has been shown to be more sensitive and specific when compared with planar bone scintigraphy and SPECT imaging (Even-Sapir et al. 2006) . In relation, a recent study evaluating the impact of 18 F-NaF PET in prostate cancer management determined that the use of 18 F-NaF PET has a high impact on management, especially in relation to replacing other advanced imaging modalities (Hillner et al. 2014 ). Although 18 F-NaF PET imaging achieves near perfect sensitivity and specificity in the detection of distant bone metastases, it lacks the ability to detect primary tumors and local lymph node spread. Thus, other radioisotopes have been studied extensively with regard to detection of primary cancer and nodal disease. 18 F-FDG PET scans are based on the Warburg effect, whereby malignant cells with increased glucose metabolism are detected as a result of increased uptake of the FDG radiotracer (Smith 2000; Macheda et al. 2005 ). Although 18 F-FDG PET imaging has proven usefulness in other malignancies, the underlying mechanism of 18 F-FDG is problematic in primary prostate cancer because detection is limited by coaccumulation of the radiotracer in BPH and normal prostate tissue (Salminen et al. 2002) . Furthermore, a high level of 18 F-FDG radiotracer buildup in the urinary bladder makes detection of primary prostate cancer almost impossible (Liu et al. 2001) . Despite these limitations, when compared with well-differentiated, localized, and low-PSA-producing tumors, some have found increased 18 F-FDG uptake in tumors with higher PSA and poorly differentiated regions (Oyama et al. 1999) . 18 F-FDG PET has also been studied in the setting of PSA relapse following definitive treatment with radiation therapy or radical prostatectomy. In a study by Chang et al. (2003) , 24 men who had undergone curative-intent treatment were evaluated with 18 F-FDG PET before pelvic lymph node dissection. The investigators concluded that 18 F-FDG PET may be useful to detect pelvic lymph metastases, whereby the sensitivity and specificity of detecting metastatic lymph nodes was 75% and 100%, respectively (Chang et al. 2003) . By comparison, Schöder et al. (2005) found a 31% rate of true positive local or systemic disease in patients with PSA relapse. To date, conclusions about the ability to distinguish local or systemic disease with 18 F-FDG PETare limited by study heterogeneity and varied validation criteria across studies.
Acetate-and choline-based PET imaging takes advantage of an increase in malignancyinduced cell-membrane synthesis, which subsequently leads to increased trapping of both acetate and choline substrates. With an up-regulation in fatty acid synthase in prostate tumor cells, 18 F-or 11 C-labeled acetate is incorporated into cellular membranes and neutral lipids in the form of phosphatidylcholine. By comparison, up-regulation of choline kinase leads to incorporation of 18 F-or 11 C-labeled choline into tumor cellular membranes, also in the form of phosphatidylcholine (Jadvar 2013) .
In contrast to the aforementioned limitations related to 11 C-acetate has minimal accumulation in the urinary bladder, which allows for optimal evaluation of the prostate bed during functional scanning. In a study by Oyama et al. (2003) , a comparison between C-acetate showed that 11 C-acetate was more sensitive in the detection of primary prostate cancer. The use of 11 C-acetate in disease recurrence and restaging has also been studied. A preliminary study by Kotzerke et al. (2002) showed a relatively high sensitivity and specificity in the diagnosis of recurrent prostate cancer, independent of PSAvalue. Other groups have shown similar sensitivities and specificities in relation to recurrent disease, but further studies are needed to establish acceptable criteria that describe the use and effectiveness of 11 Cacetate PET/CT (Oyama et al. 2003; Sandblom et al. 2006) .
Many investigators evaluating the role of 11 C-choline PET/CT in the diagnosis of primary prostate cancer have focused on comparing the benefits of 11 C-choline PET to MRI. Some reports have shown that 11 C-choline PET has superior sensitivity for detection of primary prostate tumor when compared with MRI. In a study comparing prebiopsy imaging to final biopsy pathology, Yamaguchi et al. (2005) report a diagnostic sensitivity for prostate cancer of 100%, whereas MRI and MRSI were 60% and 65%, respectively. A separate study showed the sensitivity and specificity of 11 C-choline PET/ CT of 55% and 86%, respectively, which was similar to MRI sensitivity and specificity of 81% and 67%, respectively (Testa et al. 2007 ). To investigate the specificity of 11 C-choline PET, Scher et al. (2007) performed 11 C-choline PET/ CT in 58 patients who later underwent prostate biopsy or radical prostatectomy. Prevalence of prostate cancer in their selected cohort was 63.8%, whereby 11 C-choline PET/CT revealed a sensitivity and specificity of 86.5% and 61.9%, respectively (Scher et al. 2007 ).
The role of 11 C-choline PET imaging in lymph node staging among intermediate and high-risk disease is also an important area of study. Schiavina et al. (2008) compared 11 Ccholine PET/CT with clinical nomograms and despite a rather low sensitivity of 60%, 11 C-choline PET/CT performed with equal sensitivity and improved specificity. Most importantly, however, it appeared that tumor deposit size was an important limiting factor, which was expected given the poor spatial resolution of PET/CT for lesions ,425 mm (Schiavina et al. 2008) .
The ability to detect recurrent disease with 11 C-choline PET has been studied extensively. In a study by Reske et al. (2008) , men with evidence of biochemical relapse after radical prostatectomy underwent 11 C-choline PET/CT. The sensitivity and specificity of 11 C-choline PET/ CT in the detection of local recurrence was reported as 73% and 88%, respectively (Reske et al. 2008) . In a separate study, the sensitivity of detecting local recurrence after prostatectomy was much lower at 38%, whereas the sensitivity in a comparable cohort of men who underwent primary-only radiation therapy was 78% (de Jong et al. 2003) . Thus, a more prevalent adoption of 11 C-choline PET in the detection of disease recurrence is currently limited by low sensitivities and the ability to reproduce comparable sensitivities in validation studies.
Anti-18 F-FACBC PET Imaging
An agent known as anti-1-amino-3-[ 18 F] fluorocyclobutane-1-carboxylic acid (anti-18F-FACBC) is a synthetic analog of the amino acid leucine. The mechanism behind anti-18F-FACBC relies on increased activity of the alanine-serine-cysteine (ASC) transport system, which then leads to an increased accumulation of the anti-18F-FACBC radiotracer in cells with ASC system up-regulation (Oka et al. 2012) . When paired with PET/CTscanning, this investigational radionuclide has the potential to optimize detection of recurrent prostate cancer with relatively high accuracy. A recent metaanalysis evaluating the role of 18 F-FACBC-PET in the diagnosis of recurrent prostate cancer found a pooled sensitivity of 87%, pooled specificity of 66%, and 0.93 the area under the receiver-operating characteristic curve in detecting prostate cancer recurrence (Ren et al. 2016) . The noted advantage of 18 F-FACBC is more favorable distribution in the body compared with other PET radiotracers, especially with regard to limited accumulation in the urinary tract (Nanni et al. 2013 ). Furthermore, a long half-life and short synthesis time makes manufacture possible in the absence of an onsite cyclotron (McConathy et al. 2003) . Unfortunately, the mechanism of action is not specific to prostate cancer and studies have found increased uptake of 18 F-FACBC in nonmalignant tissue as well (Schuster et al. 2011 (Schuster et al. , 2014 . This finding is a fundamental reason why false positives remain problematic and thus raise concern over the ability to improve specificity to an acceptable standard that would make 18F-FACBC superior to other modalities.
AN EMERGING MOLECULAR TARGET
Prostate-Specific Membrane Antigen-Based PET Imaging
The molecular targets of previously discussed PET-imaging modalities, including choline, acetate, fluoride, and FDG are not entirely prostate cancer specific. In other words, these modalities provide information about a micro-
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Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a030619 www.perspectivesinmedicine.org environment that is altered as a result of the presence of prostate cancer and do not necessarily represent underlying tumor-specific molecular changes that occur within malignant cells. For this reason, achieving adequate and reproducible diagnostic specificities with the aforementioned PET-imaging modalities has been recognized as a major challenge. With a primary goal to improve and optimize specificity, the remaining modality discussed herein hones in on an antigen and molecular pathway that are active in the various disease states of prostate cancer. This widely studied mechanism relies on an enzyme known as prostate-specific membrane antigen (PSMA).
PSMA is a multifunctional zinc protease enzyme that has markedly increased expression in most prostate cancer cells; whereas, expression in benign prostate tissue is almost completely absent (Leek et al. 1995; Silver et al. 1997; Eder et al. 2014) . The genotype and structure of PSMA is well characterized, as are cancer-specific ligands that interact with PSMA and later become internalized at time of binding (Maurer et al. 2016) . Knowledge of this protein -ligand interaction has directed development of radionuclide complexes that can be used in the realm of both therapeutic and imaging studies (socalled theranostics).
As a carcinoma-specific imaging target, PSMA is a transmembrane protein that has been studied extensively with resultant development of multiple agents that target multiple domains and functionalities. The first of these agents is the capromab pendetide antibody (ProstaScint). This antibody is used with planar scintigraphy and has been investigated in the identification of extraprostatic disease and the improvement of staging accuracy. Despite its FDA approval, the ProstaScint antibody has many known limitations (Taneja 2004; Bander 2006) . First, it targets an intracellular region of the transmembrane protein and several investigators have questioned its ability to bind to viable cells in vivo (Liu et al. 1997) . Second, as with all scintigraphy scans, ProstaScint scanning has relatively low spatial resolution, which must be optimized by complex image-acquisition protocols that are designed to take place over several days. Finally, given its long half-life, the 111 In radioisotope used in ProstaScint scanning contributes to a much higher dose of radiation when compared with other PET imaging modalities (Afshar-Oromieh et al. 2013 ). Secondgeneration monoclonal antibodies, such as the anti-J591 antibody, have aimed to improve some of these limitations by targeting the extracellular domain of PSMA in viable tumor cells. Although clinical trials have shown improved image contrast, anti-J591 antibodies are marked by the same limitations, such as increased background activity, prolonged radiotracer circulation, and higher radiation doses to nontarget organs (Tagawa et al. 2010) . Given these notable limitations, further studies have focused on radioisotope-labeled ligands that bind to the enzymatic pockets of PSMA, allowing for use with PET/CT imaging modalities.
Improved characterization of PSMA substrate recognition sites has allowed for the production of small molecule inhibitors or ligands that bind to and interact with the PSMA protein (Luthi-Carter et al. 1998; Tiffany et al. 1999) . The three basic categories of small molecule PSMA inhibitors are: (1) urea-based, (2) thiol-based, and (3) phosphorous-based. Data originating from LNCaP cell line studies have revealed that urea-based inhibitors have a significantly higher affinity and specificity for the PSMA protein; therefore, the majority of current research has focused on engineering inhibitors that rely on the urea-based ligand interactions (Eder et al. 2012) .
The most common agent used in PET imaging relies on a urea-based small molecule inhibitor called Glu-NH-CO-NH-Lys(Ahx)-HBED-CC or 68 Ga-PSMA-HBED-CC. The benefits of 68 Ga-PSMA-HBED-CC include high accumulation at prostate cancer metastases, low uptake in the retroperitoneum, bone, and benign lymph nodes, ease of production, thermodynamic stability, fast blood and organ clearance, high specificity for PSMA-expressing tissue, and limited accumulation in the liver (Eder et al. 2012; Afshar-Oromieh et al. 2013) . Several other potential PSMA agents are currently being investigated, some of which include Euk-Subkff- 68 Ga-DOTAGA (Weineisen et al. 2014 ), 68 Ga-PSMA-617 (Benesova et al. 2015) , and 18 F-DCFPyL (Chen et al. 2011) . In general, further preclinical and clinical studies involving these experimental "theranostic" agents are needed to clarify safety profiles, tissue specificity, and metabolic clearance mechanisms. Fortunately, 68 Ga-PSMA-HBED-CC PET (i.e., 68 Ga-PSMA-PET) has been studied extensively across the disease states of prostate cancer including high-risk disease, disease recurrence, and for monitoring patients who are undergoing ongoing therapy.
As discussed in prior sections of this review, clinical staging with cross-sectional CT-scans, MRI imaging, and/or other PET radiotracers remains rather susceptible to poor detection accuracy. When combined with the anatomic and functional sequences of mpMRI, coregistration with whole-body PET scanning can add an additional level of potentially impactful molecular information (Souvatzoglou et al. 2013) . Although the usage of PSMA-PET imaging in the diagnosis of primary prostate cancer is still far from established (Storz et al. 2015) , its use in high-risk disease, particularly lymph node staging, is an area of intense study. An expanded understanding of the benefits and drawbacks of PSMA-PET imaging may help supplant the limitations and vulnerabilities of our current modalities, thus many studies have been performed with this concern in mind. In a study by Budaus et al. (2016) , 68 Ga-PSMA-PET/CT was assessed to determine the accuracy of lymph node staging in high-risk patients before radical prostatectomy. When using final resection histopathology as the reference standard, they concluded that 68 Ga-PSMA PET/CTwas limited in its ability to detect smaller lymph node metastases. The median size of 68 Ga-PSMA PET/CT detected metastases was 13.6 mm, which was significantly different than the 4.3 mm metastases that went undetected. Although the specificity and positive predictive values were 100%, the measured sensitivity was a mere 33.3%. Despite these findings, the investigators still supported the notion that PSMA-PET imaging is a promising technique and may require refinement with PSMA ligands such as 68 Ga-BAY86-7548 or 89 Zr-Df-IAB2 M (Budaus et al. 2016 ). Other investigators have recommended scenarios that combine 68 Ga-PSMA PET imaging with cross-sectional MRI (i.e., 68 Ga-PSMA PET/MRI), which would essentially take advantage of the best sensitivities and specificities of the combined modalities (Maurer et al. 2014) . Clearly, further systematic and prospective trials are needed to optimize PSMA-PET use in the setting of high-risk prostate cancer.
Most importantly, 68 Ga-PSMA-PET appears especially effective as an agent to detect recurrent prostate cancer Maurer et al. 2016) . In a retrospective analysis by Afshar-Oromieh et al. (2015) , following definitive treatment with prostatectomy or radiation therapy, 319 patients underwent 68 GA-PSMA-PET/CT to determine accuracy of detection for recurrent disease. Median PSA in men with recurrent disease was 4.6 ng/ml. Approximately 83% of patients had at least one lesion concerning prostate cancer on 68 Ga-PSMA PET scans, indicating that 68 Ga-PSMA PET imaging may detect a high percentage of patients with suspected recurrent cancer. On multivariable analysis, there was no association with Gleason scores, PSA doubling times, and/or treatment with androgen-deprivation therapy. However, detection of prostate cancer was increased when PSA levels were more highly elevated. Histological assessment was possible in 42 patients with positive scans, which led to a calculated sensitivity of 76% and specificity of 100% . In a comparable analysis by Eiber et al. (2015) , 248 patients who had previously underwent radical prostatectomy were scanned with 68 Ga-PSMA-PET/CT imaging at time of biochemical recurrence. In this cohort, median PSA was 1.99 ng/ mL and the rate detection of suspicious lesions was 89.5%. Similar to the Afshar-Oromieh et al. (2015) study, increased detection rates were associated with higher serum PSA values (detection rates of 57.9%, 72.7%, 93.0%, and 96.8% were associated with PSA values of 0.2 to ,0.5 ng/ml, 0.5 to ,1 ng/ml, 1 to ,2 ng/ml, and !2 ng/ml, respectively) . Studies like these, in addition to other ongoing trials, have begun to show that 68 Ga-PSMA-PET imaging is a potentially powerful tool with an
Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a030619 www.perspectivesinmedicine.org ability to accurately detect recurrent prostate cancer (Dietlein et al. 2015) . At this point, the most proven indication for PSMA-PET imaging lies within the state of recurrent disease. With further optimization, the use of PSMA-PET imaging will likely detect recurrent lesions with high accuracy, which will ultimately guide more effective adjuvant and salvage therapies.
A final disease state in which PSMA-PET imaging may show extreme value is in the management of patients with both hormonesensitive and castrate-resistant bone metastatic disease. Based on studies that have examined planar bone scintigraphy and cross-sectional CT scans, PSMA-PET imaging appears to have a superior detection efficacy for bone metastatic prostate cancer (Rowe et al. 2016) . In light of these findings, if PSMA-PET imaging studies were further refined and optimized, specifically with the ability to detect bone metastases, there would be many potential benefits. It would allow physicians to monitor treatment response in patients who have received bone-seeking pharmaceuticals, such as 223 Radichloride (Colletti 2013) . Focal treatment and accurate follow-up in patients with so-called oligometastatic prostate cancer may be possible and proven effective (Reyes and Pienta 2015) . Finally, the development of PSMA-based ligands and small molecular inhibitors that participate in both imaging and therapeutic trials would allow for optimal theranostic strategies that target patients with otherwise few treatment options. As an example, phase I and phase II studies investigating the radiotherapeutic usage of 177 Lu-J591 anti-PSMA antibody in the treatment of progressive metastatic castrate resistant prostate cancer have revealed that the anti-J591-based agent was well tolerated, was taken up at metastatic sites, and resulted in a measurable decrease in PSA (Bander et al. 2005; Tagawa et al. 2013) . Further studies evaluating the long-term toxicity to nontarget organs with high radiotracer uptake (i.e., kidneys and salivary glands) are needed to ensure that newly engineered theranostic agents, which target diffuse metastatic disease, are safe.
CONCLUDING REMARKS
This review has outlined the most highly studied imaging modalities that exist within prostate cancer management. Although far from exhaustive, it introduces key studies that have shown the potential feasibility of new and emerging technologies and techniques. It should be noted that the ranges of reported sensitivities and specificities are quite broad. In general, the ability to accurately detect primary disease, lymph node metastases, local recurrence, or distant metastatic spread with imaging is likely dependent on factors, including PSA, Gleason score, pathological stage, tumor size, primary or ongoing treatments, as well as other currently undetermined factors. Furthermore, many agents, especially PSMA-based agents, are largely experimental with use that is restricted to only a few select centers. This broad range of accuracies, as well as the enacted restrictions, is a strong reminder that further studies are needed to determine which factors, if any, will maximize the use and safety of different imaging across the prostate cancer disease states.
